Cereal Chem. 84(6):614-619 Water-to-rice ratio is known to affect cooked rice texture, whereas the effects on flavor are largely unknown. To determine the influence of the amount of water during cooking on flavor and texture attributes, three water-to-rice ratios of low (less than recommended), recommended, and high (more than recommended) were evaluated. The recommended amount used was based on amylose content and cook type for the cultivar. Four diverse cultivars were compared: Delimont (aromatic long-grain), Saber (conventional long-grain), Neches (waxy long-grain), and Bengal (convenRice is consumed throughout the world and is a staple in many cultures. Rice is generally cooked by using either excess water or exact amounts of water. The excess water method consists of boiling rice in large quantities of water followed by draining when the rice is hydrated. The exact water, or pilaf, method consists of cooking rice in a measured amount of water until all of the water is absorbed (Juliano 1982; Sinki 1994) .
tional medium-grain). A descriptive sensory panel evaluated flavor and texture attribute intensities. The water-to-rice ratio did not significantly affect flavor attributes across all cultivars. The amount of water affected II of the 14 texture attributes evaluated. Of these II, initial starchy coating, slickness, stickiness between grains, cohesiveness, and uniformity of bite increased in intensity with greater amounts of water at cooking, whereas hardness, stickiness to lips, springiness, and chewiness decreased in intensity.
objective analysis technique that finds distinct, small differences in the flavor (Champagne et al 1997) and texture (Lyon et al 1999) attributes of rice.
MATERIALS AND METHODS

Rice Samples
Four diverse rice cultivars were used for this experiment (Table I) . Dellmont is a fragrant, long-grain cultivar with relatively highintermediate amylose content and intermediate gelatinization temperature (Bollich et al 1993) . Saber is a long-grain rice cultivar with intermediate gelatinization temperature and amylose content. Neches is a long-grain waxy cultivar with essentially no arnylose and low gelatinization temperature. Bengal is a medium-grain cultivar with low amylose content and low gelatinization temperature. The grain samples were preweighed into 600-g portions for sensory analysis and stored at 4°C in glass jars flushed with nitrogen until the sensory session.
Sample Preparation for Sensory Analyses
Rice was cooked in a rice cooker using the pilaf method. Portions of white rice (600 g) were rinsed by covering the rice with cold water followed by straining to remove excess water. After rinsing, the samples were transferred to preweighed rice cooker insert bowls, and water was added to give a suitable water-to-rice weight ratio (Table I) . Low (less than recommended), recommended, and high (more than recommended) amounts of water were evaluated; the amounts were based on amylose content and grain type for the cultivar. The rice was soaked for 30 min and then cooked in a 5-cup rice cooker-steamer (model SR-WIOG HP, Panasonic Co. of America, Cypress, CA) to completion, followed by a 10-min holding period. Samples were taken from the cookers as described by Champagne et al (1999) . Cooking was staggered so that samples were analyzed at 20-min intervals.
Sensory Evaluation Protocol
Ten panelists trained in the principles and concepts of descriptive sensory analysis (Meilgaard et al 1999) participated in the study. The rice flavor lexicon, based on that reported by Goodwin et al (1996) , included 13 unique flavor attributes that were deter- mined by smelling and evaluation in the mouth (Fig. I) . The intensities were scored based on a universal scale for all foods (Meilgaard et al 1999) ; the maximum rating for rice flavor attributes is generally 5. The lexicon for rice texture used by the panel was based on that developed by Lyon et al (1999) and Goodwin et al (1996) and is described in Fig. 2 . The profile used by the panelists included 14 attributes that described rice texture at different phases of sensory evaluation, beginning with the feel of the rice when it was first placed in the mouth and ending with mouthfeel characteristics after the rice was no longer in the mouth. Each sample was presented to the panelists twice, in separate sessions. At each session, the panelists evaluated the texture of one cultivar cooked Sewer/Animal An immediate and distinct pungent aromatic in the flavor characterized as sulfur-like and generic animal. The animal aromatic in the flavor can sometimes be identified as piggy.
Floral Aromatics associated with dried flowers such as lilac or lavender. This aromatic is characterized as spicy floral as in an 'old fashioned sachet.
Grain/Starchy A general term used to describe the aromatics in the flavor associated with grains such as corn, oats and wheat It is an overall grainy impression characterized as sweet, brown, sometimes dusty, and sometimes generic nutty or starchy.
Hay-like/Musty A dry, dusty, slightly brown aroma/flavor with a possible trace of musty.
Popcorn A dry, dusty, slightly toasted and slightly sweet aromatic in the flavor that can be specifically identified as popcorn.
Corn The sweet aromatics of the combination of corn kernels, corn milk, and corn germ found in canned yellow creamed-style corn.
with varying water-to-rice ratios. The protocol followed for presenting samples and standards (warm-up sample of commercial longgrain) to panelists at each session are described in detail by Champagne et al (1999) .
Statistical Analyses
Sensory data were analyzed using a split-plot design with four cultivars as the main units and the three water-to-rice ratios being the subunits. Cultivar samples were randomly chosen for a given session with two replicates for each cultivar, for a total of eight sessions. Within each session, the three ratios were randomly presented. The panelists within a session were considered a subsample.
Alfalfa/Grassy/Green beans A dried, green, slightly earthy, slightly sweet aroma/flavor including grassy and fresh green bean aroma/flavor.
Dairy A general term associated with the aromatics of pasteurized cow's milk. Most apparent just before swallowing.
Sweet Aromatic A sweet impression such as cotton candy, caramel, or sweet fruity that may appear in the aroma and or aromatics.
Water-like/Metallic Aromatics and mouthfeel of the minerals and metals commonly associated with tap water. This excludes any chlorine aromatics that may be perceived.
Sweet Taste Basic sweet taste associated with sugar.
Sour/Silage A sour fermented vegetation aroma/flavor, not decaying vegetation.
Astringent The chemical feeling factor on the tongue described as puckering/dry and associated with tannins or alum. Definition degree to which the grains return to original shape after partial compression degree to which the grains deform rather than crumble, crack, or break when biting with molars force required to bite through the sample with the molars Definition maximum degree to which the sample holds together in a mass while chewing amount of work to chew the sample evenness of force throughout bites to chew amount of saliva absorbed by sample during chewing Proc mixed in SAS v.9.1 (SAS Institute. Gary. NC) was used for analysis of variance (ANOVA). Least square (LS) means (Tukeys adjustment method) was used to compare treatment means. Significance is reported at P < 0.05 for all data.
Ward's minimum-variance method was used to divide the data into clusters (Ward 1963) . Based on eigen values <1, three clusters were utilized. Principal component analysis was used for summarizing the data in graphic form in a two-or three-dimensional space (Hotelling 1933) .
RESULTS AND DISCUSSION
Effect of Water-to-Rice Ratios on Texture
Some texture attributes were affected by water-to-rice cooking ratio (Table II) . A comparison of means across cultivars for low (less than recommended), recommended, and high (more than recommended) water-to-rice ratios showed that the intensity of the initial starchy coating increased and hardness decreased with increasing amounts of water. Slickness, stickiness between grains, cohesive- a Values within a cultivar followed by the same lowercase letter in the same column are not significantly different (P >0.05). Values between cultivars followed by the same uppercase letter in the same column are not significantly different (P> 0.05). 
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.0 ness, and uniformity of bite were lower and the stickiness to lips, springiness, and chewiness were higher at the low water-to-rice ratio compared with the high water-to-rice ratio. Water-to-rice ratio did not significantly affect roughness, cohesiveness of mass, moisture absorption, residuals, and toothpacking. An examination of individual cultivars showed that initial starchy coating and hardness were the only attributes significantly affected by water-to-rice ratio for Bengal, with initial starchy coating being higher and hardness being lower at the high ratio compared with low ratio. In Dellmont, the initial starchy coating was higher, and springiness and hardness were lower at the high ratio compared with the low ratio. The only texture attributes of Neches significantly affected by water-to-rice ratio were springiness and hardness, with springiness being lower at the high ratio compared with the recommended ratio, and hardness being lower at the high ratio compared with the low ratio. The texture of Saber appeared to be the most responsive to water-to-rice ratio compared with other cultivars. Initial starchy coating, stickiness between grains, uniformity of bite, and cohesiveness of mass was lower at the low waterto-rice ratio and higher at the high water-to-rice ratio. Stickiness to lips, hardness, and chewiness were higher at the low water-to-rice ratio.
Effect of Cultivar on Texture
In comparing the means of ratios for the individual cultivars, Neches was more intense than the other cultivars for initial starchy coating, roughness, stickiness between grains, cohesiveness, uniformity of bite, cohesiveness of mass, and toothpacking. Neches was less intense than the other cultivars for springiness and hardness. Thus, when cooked. Neches has the soft-sticky texture typical of a waxy cultivar. Waxy cultivars tend to have a high protein content and essentially no amylose, which influence these typical sensory properties (Champagne et al 2004) . Dellmont was more intense in initial starchy coating than Bengal and Saber. It was less intense in hardness than Bengal. Saber had the least roughness of the four cultivars.
Comparison of Texture Attributes
Using Ward's Cluster Analysis and Principal Component Analysis (PCA), it was determined that Neches grouped alone, as depicted in Fig. 3 . If the flavor attributes were added to the analysis, the outcome was similar (Fig. 4) . In analyzing texture attributes only, Delimont at the low and recommended water-to-rice ratios and Saber at all ratios grouped together. Dellmont at the high waterto-rice ratio and Bengal were in a separate group. Thus, at the high water-to-rice ratio, Deilmont had texture similar to Bengal: at lower ratios, the texture was more like Saber.
When flavor attributes were included. Deilmont at all water-torice ratios grouped with Bengal, but was away from Bengal in the cluster and more distant from the cluster for Saber. This can be attributed to the high intensities of popcorn and corn flavors in Dellmont (Fig. 4) .
Effect of Water-to-Rice Ratios on Flavor
None of the flavor attributes were significantly affected by waterto-rice ratios in a comparison of means across cultivars (Table III) . Within the Dellmont cultivar, water-like/metallic flavor was significantly higher in intensity in the recommended ratio than in the low ratio. No other significant differences in flavor due to differences in water-to-rice ratio were observed within cultivars.
Effect of Cultivar on Flavor
In a comparison of the means of ratios for the individual cultivars, the rice cultivar significantly affected five flavor attributes (grainy/starchy, hay-like/musty, popcorn, corn, and sour/silage), and two mouthfeel attributes (water-like metallic and astringent). Popcorn and corn are flavors associated with aromatic rice (BettGarber et al 2001). Both of these flavors were more intense in Dellmont (an aromatic cultivar) than in the other cultivars. Grainy/ starchy is the dominant flavor of rice in general (Bett-Garber et al 2001) and tends to be more intense in waxy rices. Accordingly, Neches had significantly higher grain/starchy flavor than Dellmont and Saber. The intensity of this flavor attribute in Bengal, however, was similar in intensity to Neches. Intensities of grain/starchy and haylike/musty flavors were significantly lower in Saber than the other cultivars. Sweet aromatic flavor was the most intense numerically in Delimont, but not significantly higher in the other nonwaxy cultivars. Bett-Garber et al (2001) found that generally aromatic rice cultivars are more intense in sweet aromatic than nonaromatic cultivars. Neches, the waxy cultivar, was significantly more intense in astringency than the other cultivars. Sour/silage was more intense in Dellmont and Neches and least intense in Saber and Bengal.
CONCLUSIONS
When cooking rice using the pilaf method, the water-to-rice ratio significantly affects texture quality but has little to no effect on flavor. Increasing the amount of water used for cooking can increase intensities of the texture attributes, initial starchy coating, slickness, stickiness between grains, cohesiveness, and uniformity of bite. Increasing the amount of water decreases the intensities of hardness, stickiness to lips, springiness, and chewiness. Rice
